Lead poisoning of waterfowl from ingestion of spent lead shotgun pellets has occurred at various sites in many countries including Canada, Europe and the USA (Munro 1962 , Clausen & Wolstrup 1979 , Simpson et al. 1979 , Feierabend 1983 , Sanderson & Bellrose 1986 . Lead poisoning was first documented in Japan by Honda et al. (1990) , on the basis of the chemical analysis of seventeen Whooper (Cygnus cygnus) and eight Bewick's (C. columbianus) swans found dead during the winters of [1984] [1985] [1986] [1987] in Niigata, Akita, Aomori, and Hokkaido prefectures. Subsequently, Ochiai et al. (1992 Ochiai et al. ( , 1993 conducted extensive pathological studies on lead-poisoned Whooper Swans and White-fronted Geese (Anser albifrons) found dead or emaciated at Miyajima-numa in Hokkaido. Most recently, a monitoring survey of ducks has shown that lead contamination of waterfowl has spread widely in Japan, although the lead concentration levels vary among individuals and localities (Jin et al. 1997) . Some hope is seen in the fact that a clinical approach to the detoxification of ingested lead pellets by using disodium calcium ethylenediamine tetra-acetate (CaEDTA) has been tried, and approved as an efficient method to treat poisoned birds (Murase et al. 1992 ).
On 20 November 1997, a dead Middendorff's Bean Goose (A. fabalis middendorffii) was forwarded, via a curator of the Toyosaka Municipal Culture Museum, to the senior author for examination. Our subsequent research revealed that this bird had succumbed to typical acute lead poisoning. To date, there is no information concerning lead contamination of Bean Geese wintering in Japan, thus we considered it important to report our chemical and histopathological findings relating to this bird in order to extend the body of knowledge about lead contamination in the waterfowl in Japan.
MATERIALS AND METHODS
The fresh carcass of a Middendorff's Bean Goose was found by a farmer in a stream at Fukushima-gata, a lagoon well-known as a wintering area for wild geese in Japan, which lies in the administrative area of Toyosaka City, Niigata Prefecture. After detailed examination and measurements of its external features, the bird was necropsied. The liver, intestine, spleen, kidney, pectoral muscle, and scapular bone were all dissected out and processed for histopathological examination and/or chemical analysis in order to determine lead concentrations. Blood samples were also analysed chemically.
For histopathological examination, tissue samples were immersed in 10% buffered formalin for several days, appropriately trimmed, dehydrated through a graded series of ethanol, embedded in paraffin, and cut serially at an 8-* m thickness. The sections were routinely stained with Mayer's hematoxylin-eosin and periodic acid Schiff's reagent (PAS) and counterstained with fast green-orange G. Selected sections were stained with Prussian blue for demonstration of hemosiderin.
For electron microscopy, samples of liver, spleen, and kidney were re-fixed with Karnovsky's fluid overnight, rinsed in 0.1 M phosphate buffer, post-osmicated, dehydrated, and embedded in Spurr resin. Semi-thin sections were stained with 0.1% toluidine blue. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a JOEL 1200 EX electron microscope.
The lead concentrations in the liver, kidney, intestine, muscle, blood, and bone of the goose were determined using atomic absorption spectrophotometers (Hitachi Z-6100 and Perkin Elmer 5000 ZL) after digestion of tissue samples with nitric acid and perchloric acid. A background correction was made based on the Zeeman effect. Control samples were made from three individuals (one male and two females), which had died accidentally in collision with electric power cables and had been kept at -30* in the laboratory (Chiba & Honma 1998) , and these were analysed using exactly the same methods. The ratio of the stable lead isotopes in the different samples was analysed using an inductively coupled plasma/mass spectrometer (Yokogawa HP 4500), using NIES No.1 as a standard sample.
After necropsy, the bird was skinned and placed in Nagaoka Municipal Science Museum, Nagaoka, Niigata Prefecture.
RESULTS

1) Macroscopy
The bird had no injuries, but was very thin with severe atrophy of the pectoral muscles, suggesting remarkable emaciation while still alive ( Fig. 1 ). It weighed, at just 2.6 kg, only a half that of the control specimens (Table 1) . No greenish diarrhea was noticed. Necropsy revealed clear and anomalous changes in the visceral organs. The liver was discoloured a dark green, and was diffusely mottled with retained bile pigments (Fig. 2) . The gall bladder was distended with dark green viscous bile. The intestines were diffusely discoloured green with retained bile in the gut cavity. The proventriculus and gizzard were impacted with vascular plant material and still-husked rice intermingled with mud and fine stones (Fig.  3 ). Six pieces of spent lead shot, 2.5-2.8 mm in diameter, in various stages of erosion, were recovered from the stomach contents (Fig. 4) . The hyper-keratinized lining of the grinding pad of the gizzard was also stained green with bile. Other macroscopic findings were an oedematous change in the heart and discoloration (pallid) of the lungs. Bean Goose showing six pieces of spent lead shot in a dish (*) separated from the ingested foods seen in the other three dishes. Fig. 4 . Enlarged view of the lead shot, one of which (marked with an arrow head) was cut in half using a razor blade. In the liver, hemosiderosis was evident in both hepatocytes and Kupffer's cells, where Prussian blue-positive hemosiderin granules and droplets were distributed throughout the hepatic parenchyma (Figs. 5A, 5B) . Most of the hepatocytes were either atrophic or showed granular degeneration (Figs. 5B-5D ), though some were found sporadically with swollen or vacuolated cytoplasm (Fig. 5C ). Pycnotic changes and fragmentation of the nuclei in the hepatocytes were frequent (Fig.  5C ). Kupffer's cells were found to be remarkably enlarged due to large quantities of hemosiderin droplets stored in the swollen cytoplasm (Fig. 5B) .
In the spleen, the white pulp appeared to be rather prominent due to atrophy or shrinkage of the red pulp, where a marked decline in the number of erythrocytes was observed (Figs. 6B, 6C) . Atrophic change was also demonstrated in the lymphoid follicles, where no mitotic figures were encountered, although occasional cells with pycnotic nuclei were found (Fig. 6A) . The mononuclear phagocytic system cells in the red pulp showed pronounced hemosiderosis, and cells filled with Prussian blue-positive droplets or inclusion bodies were numerous (Figs. 6A, 6B ). in contrast with that of the poisoned bird (6B). R=spleenic red pulp; W= lymphoid follicle in the white pulp. 6A=Prussian blue counterstained with neutral red. 6B and 6C=Mayer's hematoxylin-eosin stain. Scale bar =10*m.
Also, in the kidney, hemosiderin droplets were demonstrable in the proximal segment of the renal tubules (Fig. 7A) . In addition to post-mortem deterioration, granular degeneration and focal necrosis were seen in the renal tubules and the collecting ducts (Fig. 7B) , and many of the glomerular tufts were shrunken. Fig. 7 . Section of the kidney of the poisoned bird (7A, 7B) showing anomalous changes in the renal tubules. Prussian blue-positive granules or droplets (arrows in 7A) and necrotic changes (*in 7A) are seen in the poisoned kidney. 7B shows anomalous changes in the renal tissue, e. g. necrosis (*), nuclear pycnosis (an arrow), and nuclear fragmentation (arrowheads). 7A-Prussian blue counterstained with neutral red. 7B=Mayer's hematoxylin-eosin stain. Scale bar=100 *m in 7A, 10*m in 7B.
3) Electron microscopy Transmission electron microscopy of the liver and spleen confirmed a marked enlargement of the macrophages due to large quantities of inclusions. These inclusions clearly corresponded with the hemosiderin droplets seen under the light microscope. Ultrastructurally, however, the inclusions were heterogeneous in nature. The main component was a highly electron-dense particle, about 10-30 nm in diameter, and assembled to form large bodies together with other elements, e.g., less electron-dense material and a thin flocculent substance (Fig. 8) . These particles were typically deposited throughout the cytoplasm in the macrophages including the Kupffer's cells. Masses of the dense particles were also seen in the cytoplasmic matrix of the hepatocytes (arrows in Fig. 9 ). In spite of the post-mortem Lead structural deterioration, some of the hepatocytes retained relatively good cytological features; mitochondria and endoplasmic reticulae were identifiable in the majority of the parenchymatous cells (Fig. 9) . It was considered noteworthy that the electron-dense particles were more frequent in the mitochondria, particularly in the matrix and/or outer chamber (see inset Fig. 9) . A mass of dense flocculent material was also encountered in some of the parenchymatous cells.
4) Lead concentration
The lead level in the liver of the study specimen (41 *g/g wet weight) reached a value about 400 times higher than in the controls (Lead concentrations in the liver, kidney, intestine, blood, scapular bone, and pectoral muscle of the study Akira CHIBA, Nobuo SHIBUYA and Ryuhei HONMA [Jpn.J.Ornithol.Vol.47 No.3 specimen are shown in comparison with those of the controls in Table 2 ). Significantly higher lead concentrations, i.e. 16-187 times greater than in the controls, were found in other organs or tissues (Table 2) . Moreover, the ratios of four stable isotopes of lead in standard lead shot samples (unused No. 1 Table 2 . Lead concentration in the organs and tissues of the affected and control birds (*g/g wet weight)
*, value of the sffected bird / average value of the control animals Table  3 . Comparison of lead isotope ratio among different sample * Pepperbush), of shot in the gizzard, and in the liver of the poisoned bird were almost exactly the same (Table 3) .
DISCUSSION
The present study, of a dead Middendorff's Bean Goose, provided clear evidence to confirm a diagnosis of lead poisoning, namely that lead shot remained in the gizzard, there was proventricular impaction, high lead concentrations were found in the visceral organs, and there was pronounced hemosiderosis in both the liver and spleen. Based on the present data, which are generally in accord with previous findings from lead-poisoned waterfowl in Japan (Jin et al. 1989 , Jin & Tsuzuki 1990 , Ochiai et al. 1992 , 1993 , we consider that the present goose was affected by acute lead poisoning resulting from the ingestion of spent lead shot.
Information on the normal and lethal levels of lead in the blood of birds is still limited. While on the one hand, Hunter & Wobeser (1980) reported 0.03*g/ml as a normal lead level in the blood of the Mallard (Anas platyrhynchos), on the Lead-poisoned  Middendorff's  Bean Goose  95 other hand, Jin et al. (1989) estimated that 3-6*g/ml of lead could be lethal to Whooper Swans. The present data from a Middendorff's Bean Goose (Table 2) showed that the affected bird had 11*g/g lead in its blood, which was about 60 times higher than the control value. This value is also considerably higher than the level considered diagnostic of lead poisoning in Mute Swans (Cygnus olor; 4*g/ ml; Simpson et al. 1979 , Birkhead 1983 ) and higher than the lethal level (3-6 *g /g ) for swans estimated by Jin et al. (1989) . The control value of lead concentration in Middendorff's Bean Goose (0.15-0.23 *g/g (0.16-0.23 *g/ml)), seems to be about 5-8 times higher than that of the Mallard (Hunter & Wobeser 1980) . The higher value in Middendorff's Bean Geese may be ascribed partly to tissue processing methodology, because we cannot rule out a possible condensation of the blood during refrigeration and dissolution for chemical analyses. Species-specific factors, for example differences in lead-loading through different diets, should also be taken into consideration.
The present study clearly demonstrated high levels of lead in the liver, kidney, intestines, bones, and pectoral muscles. It is well documented that remarkably high lead levels in the liver, kidney, pancreas, and bone marrow are diagnostic of lead poisoning, and high lead concentrations have been reported from birds experimentally fed lead shot, and from birds affected by accidentally ingesting spent lead shot (Hunter & Wobeser 1980 , Jin et al. 1989 ). Among lead-poisoned swans, lead concentrations about 100 times higher than normal were found in the kidney, and 10-50 times higher in the liver (Jin et al. 1989) . When compared with these data, our data from the Middendorff's Bean Goose are especially high: the liver contained about 400 times more lead than the control; and the kidney, 187 times more, despite recovering only six pieces of lead shot from the stomach. It has been reported, however, that the number of lead pellets in the gizzard does not necessarily correlate with lead concentrations in the organs or tissues (Jin et al. 1989 ). Previous studies of lead-poisoned Whooper Swans and White-fronted Geese (Ochiai et al. 1992 (Ochiai et al. , 1993 showed extensive histopathological changes in the affected organs and tissues, particularly:
lesions of the liver including Kupffer's cell hemosiderosis, bile plugs in the dilated canaliculi, bile pigmentation in the hepatocytes, and bile extravasation and associated hepatic necrosis; hemosiderosis of the phagocytes in the spleen; hypoplasia or oedema of the bone marrow with increased numbers of polychromatic erythroblasts; granular and fatty degeneration and focal necrosis in the kidney; and myocardial degeneration and necrosis in the heart. These prominent changes were suggested to have resulted from an excessive breakdown of erythrocytes, inhibition of hemesynthesis, and impaired erythropoiesis caused by the lead shot. Our microscopic findings, i.e., the pronounced hemosiderosis of the hepatocytes and Kupffer's cells in the liver and of the mononuclear phagocytic cells in the splenic red pulp, are essentially in accord with the previous results.
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